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Spin splitting and band broadening by static disorder with finite correlation length
Here we analyze in more detail, how quasi-static magnetic fluctuations with different spatial correlations affect the electronic spectrum, going beyond the infinite range correlations discussed in the main text. We treat the magnetic fluctuations arising from the magnetic moments of the Eu 4f orbitals as follows. In the spirit of the BornOppenheimer approximation, we model the magnetic fluctuations by a statistical ensemble of random energies B(x), such as Zeeman energies, say, with the Gaussian
The disorder thus depends on two parameters, the standard deviation B * and the correlation length ξ, which is the correlation length below which the microscopic Eu spins are ferromagnetically aligned in three-dimensional space. For simplicity we assume correlations to be isotropic. Note that ξ is bounded from below by the lattice spacing a.
As a function of temperature T, ξ reaches a maximum above the antiferromagnetic ordering temperature T N and reaches the lattice spacing a upon approaching T N from above, as well as T → ∞. A ferromagnetic alignment of spins introduces a spin splitting of order B * . In momentum space the dispersion curves are split by ∆k s (denoted W s in the main text), where
For a gas of itinerant electrons for which spin is a good quantum number the Fermi energy ε F is related to the Fermi wave number k F and the Fermi velocity v F through
For a good metal, 1/k F is of the order of the lattice spacing a.
Perturbing this spin-degenerate electron gas with random static magnetic fields results in the mean-free path l, i.e., the scattering length within the Born approximation. Its dependence on the dimensionless numbers B * /ε F and k F ξ ≫ 1 is 
i.e.,
In the regime
the effects of the static random magnetic energies is to give a small uncertainty to the single-particle dispersion of the unperturbed electron gas, i.e., the k-dependence of the electronic spectral function is a narrow Lorentzian of width 1/l instead of a delta function (see left inset in Fig. S8 ). No spin splitting can be resolved within this narrow Lorentzian.
Indeed, the electronic motion cannot be confined to a correlation volume, and thus averages over the random magnetic field. However, once ξ~ * ,
the effect of the static random magnetic energies on the single-particle dispersion of the spin-degenerate electron gas is non-perturbative. The k-dependence of the electronic spectral function still has a broad single peak as a function of k, but with a width of order 1/ξ * = ∆k s (see right middle inset in Fig. S8 ). In the regime
because the electrons travel in sufficiently large regions in which the magnetic field is uniform, the energy gain B * resulting from splitting the Kramers' degeneracy in the bulk of these correlated regions is much larger than the energy uncertainty due to scatterings at their (random) boundaries. The k-dependence of the electronic spectral function becomes a double Lorentzian with the two peak maxima separated by ∆k s ≡ W s , which is larger than the width 1/ξ of either one of the two peaks (see right inset in Fig. S8 ). Hence, the splitting of the Kramers' degenerate bands now can be resolved. The resolution increases with increasing ξ. In particular, the mean free path is not anymore given by Eq. (S3), but simply tracks ξ. The qualitative dependence on ξ of the mean-free path in the regimes (6a) and (6c) is shown in Fig. S8 assuming that the random magnetic energies can be treated perturbatively around the limiting cases ξ → a (no spin splitting of the bands) and ξ → ∞ (two spin split bands). The ARPES spectrum along -K, the data was acquired using soft Xrays with hv = 350 eV. The band splitting was observed using both VUV-light and soft X-rays, which provide compelling evidence that band splitting is an intrinsic feature of the bulk states rather than a k z broadening effect. 
